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3. HEALTH EFFECTS

3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of vinyl chloride. It
contains descriptions and evaluations of toxicological studies and epidemiological investigations and

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by adverse health effect (death, systemic, immunological, neurological,
reproductive, developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of
three exposure periods: acute (14 days or less), intermediate (15364 days), and chronic (365 days or

more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELS) or lowest-
observed-adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the studies.
LOAELSs have been classified into "less serious" or “serious™ effects. "Serious" effects are those that
evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress
or death). "Less serious" effects are those that are not expected to produce significant dysfunction or
death, or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an end point should be
classified as a NOAEL, "less serious” LOAEL, or "serious" LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR

believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between
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"less serious™ and "serious"” effects. The distinction between "less serious” effects and "serious" effects is
considered to be important because it helps the users of the profiles to identify levels of exposure at which
major adverse health effects start to appear. LOAELSs or NOAELS should also help in determining
whether or not the adverse effects vary with dose and/or duration, and place into perspective the possible

significance of these adverse effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELS) or exposure levels below which no
adverse effects (NOAELS) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELS) of vinyl chloride
are indicated in Tables 3-1 and 3-2 and Figures 3-1 and 3-2. Because cancer effects could occur at lower
exposure levels, Figures 3-1 and 3-2 also shows a range for the upper bound of estimated excess risks,
ranging from a risk of 1 in 10,000 to 1 in 10,000,000 (10 to 107), as developed by EPA.

Estimates of exposure levels posing minimal risk to humans (MRLs) have been made for vinyl chloride.
An MRL is defined as an estimate of daily human exposure to a substance that is likely to be without an
appreciable risk of adverse effects (noncarcinogenic) over a specified duration of exposure. MRLs are
derived when reliable and sufficient data exist to identify the target organ(s) of effect or the most sensitive
health effect(s) for a specific duration within a given route of exposure. MRLs are based on
noncancerous health effects only and do not consider carcinogenic effects. MRLs can be derived for
acute, intermediate, and chronic duration exposures for inhalation and oral routes. Appropriate

methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development
or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised. It should be noted that MRLSs are also
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not protective in the case of altered health status caused by exposure to cigarette smoking or excessive

alcohol consumption (i.e., altered lung and liver function).

A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

3.2.1 Inhalation Exposure

3.2.1.1 Death

A report by Danziger (1960) described the deaths of two vinyl chloride workers. In one case, a worker
exposed to high concentrations of vinyl chloride emitted from an open valve was found dead. In another
case, a worker responsible for cleaning a polymerization tank was found dead in the tank. Autopsies
performed on these men showed congestion of the internal organs, particularly the lungs and kidneys, and
failure of the blood to clot. Circumstances surrounding the deaths suggested that the deaths were due to
breathing very high levels of vinyl chloride. No increase in mortality rate was noted in a prospective
cohort study of 1,100 workers exposed to vinyl chloride compared to the controls (Laplanche et al. 1992).
At the time of the study interview, 36% of the 1,100 workers were currently being exposed to vinyl
chloride, and 64% had been exposed in the past (Laplanche et al. 1987, 1992).

Brief exposures to concentrations of vinyl chloride ranging from 100,000 to 400,000 ppm have been
shown to be fatal in experimental animals such as rats (Lester et al. 1963; Mastromatteo et al. 1960),
guinea pigs (Mastromatteo et al. 1960; Patty et al. 1930), and mice (Mastromatteo et al. 1960). At these
concentrations, deaths occurred within 30-60 minutes. Male mice exposed to 30,000 ppm vinyl chloride
6 hours/day for 5 days, in a dominant lethal study showed an increased mortality rate (Anderson et al.
1976). An increased mortality rate was also observed at much lower concentrations in maternal mice in a
developmental toxicity study (John et al. 1977, 1981). In this study, maternal mice had an increased

incidence of deaths following exposure to 500 ppm for 10 days during gestation.

Decreased longevity was observed in intermediate-duration studies (Adkins et al. 1986; Drew et al. 1983;
Feron et al. 1979a; Hong et al. 1981; Lee et al. 1978) and chronic-duration studies (Drew et al. 1983;
Feron et al. 1979a; Viola 1970). A treatment-related increase in the mortality rate was observed in mice
exposed to 500 ppm of vinyl chloride for 6 hours/day, 5 days/week, for 6 months (Adkins et al. 1986). In

mice and rats maintained for 12 months following a 6-month, 6 hour/day, 5 day/week exposure regime,
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decreased longevity was observed at concentrations as low as 50 ppm; however, statistical analyses of the
data were not available to verify the significance of the decrease (Hong et al. 1981). Substantial increases
in the mortality rate of mice and rats exposed to 250 ppm vinyl chloride for 12 months were observed by
Leeetal. (1977a, 1978). In addition, small increases in mortality of mice and rats during the 12-month
exposure period were observed at 50 ppm in these reports; however, quantitative data indicating the

significance of these increases were not presented.

The influence of the age of female animals at the time of exposure to vinyl chloride on survival was
examined by Drew et al. (1983). In female hamsters exposed to 200 ppm, two strains of female mice
exposed to 50 ppm, and female rats exposed to 100 ppm for 12 months, a higher death rate was observed
when 2-month-old animals were exposed than when 8- or 14-month-old animals were exposed. Similar
trends were observed when hamsters and mice were exposed to these concentrations for 6 months. The
treatment-related deaths in this study may be due to the induction of vinyl chloride-induced
carcinogenesis. These results demonstrate the importance of the latency period for cancer and associated
mortality. Animals that were exposed at a younger age had a longer post-exposure period for the
development of tumors. It is difficult to assess the sensitivity of younger animals to cancer mortality in
this study because the same exposure concentrations were used for each age group. These results do not
necessarily indicate that young people are more susceptible to the lethal effects of vinyl chloride, since
animals that were exposed later in life may have died of age-related causes prior to the expression of the

lethal effects. This study was limited in that only one dose of vinyl chloride was tested in each species.

The highest NOAEL values and all reliable LOAEL values for death in each species and duration
category are recorded in Table 3-1 and plotted in Figure 3-1.

3.2.1.2 Systemic Effects

The highest NOAEL values and all reliable LOAEL values for each study with a systemic end point in

each species and duration category are recorded in Table 3-1 and plotted in Figure 3-1.

Respiratory Effects. Limited information is available on the acute adverse effects from inhalation of
vinyl chloride by humans. Autopsy findings from a man who died after being overcome by vinyl chloride
revealed the irritating nature of extremely high-level inhalation exposure. The lungs were found to be

intensely hyperemic, and some desquamation of the alveolar epithelium had occurred (Danziger 1960).
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation

Exposure/ LOAEL
a Duration/
Key to Species Fre_q_uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
ACUTE EXPOSURE
Death
1 Rat 30 min Masti Jit t al. 1960
a 300000  (5/5 died) astromatieo et a
(NS)
2 M 5d And tal. 1976
(Cogje) Bhr/d 30000 M (11/20 died) nderson eta
3 Mous 10d John et al. 1977, 1981
CF”f hrid 500 F (17% matemal death)
(CF-1) Gd6-15
4 M 30 min Masti tt tal. 1960
ouse 200000 (175 died) astromatteo et a
(NS)
5 Gn Pi 30 min Mastromatteo et al. 1960
nHg 300000  (1/5 died)
(NS)
6 Gn Pi up to 8 hr Patty et al. 1930
nFig P 100000  (death) alyeta
(NS)
Systemic
7 Rat 1,5d . o Jaeger et al. 1974
6hr/d Hepatic 50000 M 100000 M (hepatocellular vacuolization,
(Holtzman) increased AKT and SDH)
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
8 Rat 30 min . Mastromatteo et al. 1960
Resp 100000  (lung hyperemia)
(NS)
Hepatic 100000 200000 (fatty infiltration changes)
Renal 200000 300000 (renal congestion)
9 Rat 1,5d . Reynolds et al. 1975a
6hr/d Hepatic 50000 M
(Holtzman)
10 Rat 1d 6hr/d . Reynolds et al. 1975b
Hepatic 50000 M
(NS)
1 Rat 4 hr/d Thornton et al. 2002
Gd 6-19 Bd Wt 1100 F
(Sprague-
Dawley)
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
12 Mouse 30 min . Mastromatteo et al. 1960
Resp 100000  (lung hyperemia)
(NS)
Hepatic 200000 300000 (liver congestion)
Renal 100000 (degenerative tubular
epithelium)
13 Gn Pig 30 min . . Mastromatteo et al. 1960
(NS) Resp 100000 (slight pulmonary hyperemia)
Cardio 400000
Hepatic 200000 300000 (fatty degeneration)
Endocr 400000
Ocular 400000
Immuno/ Lymphoret
14 Gn Pig 30 min Mastromatteo et al. 1960
(NS) 400000

S103443 H1TV3IH '€

3AIHGOTHO TANIA

S¢



»+LNFNWOD O1719Nd HOH LAVHQsxx

Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
Neurological
15 Human 3d o Lester et al. 1963
2x/d 4000 8000 (dizziness)
5min
16 Rat 1hr Hehir et al. 1981
; 50000
(Fischer- 344)
17 Rat 2 wk 500 Hehir et al. 1981
: 5d/wk
(Fischer- 344) 1hr/d
1,5d Jaeger et al. 1974
18 Rat 6hr/d 50000 M 100000 M (anesthesia) 9
(Holtzman)
19 Rat 2 hr ) o Lester et al. 1963
50000 (moderate intoxication)
(Sherman)
30 min Mastromatteo et al. 1960
20 ?j‘;) 100000 (narcosis)

3AIHGOTHO TANIA
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
1hr Hehir et al. 1981
21 i\l/lcc:);je 5000 50000 (ataxia)
30 min Mastromatteo et al. 1960
2 xg‘)se 100000  (narcosis)
i 30 min Mastromatteo et al. 1960
= (C:\lnsl;’lg 100000 (tremor, loss of consciousness)
i up to 8 hr Patty et al. 1930
24 ilnsl;’lg P 10000 25000 (narcosis) y
Reproductive

25 Mouse 5d Anderson et al. 1976

(CD-1) 6hr/d 30000 M

Developmental

26 Rat 10d . John et al. 1977, 1981

(Sprague 7hr/d 2500 F (ureter dilation)

U -
Dawley) Gd6-15
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
27 Rat 4 hr/d 1100 Thornton et al. 2002
(Sprague- Gd 6-19
Dawley)
28 Mouse 10d b o John et al. 1977, 1981
CE-1) 7hr/d 50 F 500 F (delayed ossification)
( Gd6-15
29 Rabbit 13d o John et al. 1977, 1981
7hr/d 500 F (delayed ossification)
(New Gd6-18
Zealand) -
Cancer
1hr Hehir et al. 1981
30 Mouse 5000 (CEL: bronchioalveolar
(ICR) adenoma)

INTERMEDIATE EXPOSURE

Death
31 Rat
(CD)
32 Mouse
(AJ)

1-10mo
5d/wk
6hr/d

6 mo
5d/wk
6hr/d

50

(17/26 died)

500 M (37/70 died)

500 F (23/70 died)

Hong et al. 1981

Adkins et al. 1986
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
1-6 mo Hong et al. 1981
33 '\/C'°E;‘je Sk 50  (15/16 died) 9
(CD-1) 6hr/d
Systemic
34 Rat 3 mo ) ) ) . Bi et al. 1985
. 6d/wk Cardio 10M 100 M (increased relative heart weight)
(Wistar)
6hr/d
Renal 100 M 3000 M (increased relative kidney
weight)
35 Rat 6 mo ) ) ) . Bi et al. 1985
) 6d/wk Cardio 10 M (increased relative heart weight)
(Wistar)
6hr/d
Hepatic 10 M (increased relative liver weight)
36 Rat 19d H ‘ 50000  (d d white blood cell Lester et al. 1963
emato
(Sherman) 8hr/d (decreased white blood cells)
Hepatic 50000 (hepatocellular hypertrophy,
large irregular vacuoles,
compression of sinusoids,
elevated relative liver weight)
Renal 50000
Dermal 50000 F 50000 M (thin coats, scaly tails)
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation

(continued)

a
Key to Species

Exposure/ LOAEL

Duration/

Frequency NOAEL Less Serious Serious
(Specific Route)

Reference

figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
37 Rat 92d H ¢ 20000 q d white blood cell Lester et al. 1963
emato ecreased white blood cells
(Sherman) Sd/wk ( )
8hr/d
Hepatic 20000 (moderate hepatocellular
hypertrophy, fine to medium
vacuoles, compression of
sinusoids)
Renal 20000
38 Rat 10 mo Musciskel 20000 M Sokal et al. 1980
! 5d/wk usc/skel
(Wistar) 5hr/d
Hepatic 50 M (fatty changes)
Renal 50 M 500 M (increased kidney weight)
Bd Wt 50 M (10% decrease in body weight)
39 Rat 16 wk (M) . c ) ) Thornton et al. 2002
19 wk (F) Hepatic 10 F (centrilobular hypertrophy in F1
(Sprague- female rats)
Dawley) 2gen
6 hr/d
Bd Wt 1100
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation

(continued)

Exposure/ LOAEL
a Duration/
Key to Species Fre_q_uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
40 Rat 6 mo Torkelson et al. 1961
NS) 5d/wk Hemato 200
( 0.5-7hr/d
Hepatic 100 (increased relative liver weight)
Renal 200
Bd Wt 200
a1 Rat 10 mo . Wisniewska- Knypl et al. 1980
Wistar) 5d/wk Hepatic 50 M (fatty changes)
( 5hrfd
42 Mouse 1-6 mo . ) Schaffner 1978
5 d/wk Hepatic 2500 M (hyperplasia of hepatocytes and
(NS) 5 hr/d activated sinusoidal cells)
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference

(Specific Route)

figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
43 Mouse 8 wk Sharma and Gehring 1979
CD-1) 5 d/wk Hemato 1000 M
(CD- 6 hr/d
Hepatic 1000 M (decreased liver weight)
Renal 1000 M
Bd Wt 1000 M
44 Mouse 5-6 mo . . Suzuki 1978,1981
5 d/wk Resp 2500 M (proliferation and hypertrophy of
(CD-1) 5 hr/d bronchial epithelium;
hypersecretion of mucin;
hyperplasia of alveolar
epithelium)
i 6 mo Torkelson et al. 1961
45 Rabbit 5d/wk Hepatic 100 200 (centrilobular degeneration and
(NS) Zhr/d necrosis)
Renal 200
Bd Wt 200
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation (continued)
Exposure/ LOAEL
Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
Immuno/ Lymphoret
46 Rat 3 mo ) . Bi et al. 1985
) 6d/wk 100 M 3000 M (increased spleen weight)
(Wistar)
6hr/d
47 Rat 6 mo 10M ( 4 sol iaht) Bi et al. 1985
' 6d/wk increased spleen weig
(Wistar) 6hr/d
48 Rat 10 mo . . Sokal et al. 1980
Wistar) 5d/wk 50 M (increased spleen weight)
(Wis 5hr/d
49 Mouse 2-8 wk . Sharma and Gehring 1979
10 M (increased spontaneous
CD-1 5 diwk i :
(CD-1) 6 hr/d lymphocyte proliferation)
Neurological
50 Rat 20wk - Hehir et al. 1981
; 5d/wk
(Fischer- 344) 1hr/d
Reproductive
51 Rat 3,6 mo . Bi et al. 1985
Wistar) 6d/wk 10M 100 M (decreased testes weight)
(Wis ehr/d
52 Rat 11 wk . Short et al. 1977
50 M 250 M (reduced male fertility)
(CD) 5 diwk
6 hr/d
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
53 Rat 10 mo . L Sokal et al. 1980
) 5d/wk 50 M 500 M (spermatogenic epithelial
(Wistar) 5hr/d necrosis)
54 Rat 16 wk (M) 1100 Thornton et al. 2002
(Sprague- ;992’: (F)
Dawley) 4 hr/d
Cancer
6 mo Drew et al. 1983
% Ra 5 diwk 100 F (CEL: hepatic

56

(Fischer- 344)

Rat

(Sprague-
Dawley)

6 hr/d

33d
6 d/iwk
8 hr/d

hemangiosarcoma,
hepatocellular carcinoma,
neoplastic nodules; mammary
fibroadenoma)

500 M (CEL: hepatocellular
carcinoma, angiosarcoma of the
liver, benign cholangioma,
nephroblastoma, angiomyoma,
leukemia, Zymbal gland
carcinoma, pituitary adenoma,
mammary carcinoma and
fibroma.

Froment et al. 1994
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation (continued)
Exposure/ LOAEL
a Duration/
Key to Species Fre_q_uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
57 Rat 6 or 10 mo Hong et al. 1981
5d/wk 250 (CEL: liver hemangiosarcoma, 9
(CD) 6hr/d neoplastic nodules)
58 Rat 16 wk (M Thornton et al. 2002
19 wk §F)) 1100 F (CEL: foci of hepatocellular
(Sprague- gen alterations considered to be
Dawley) 4 hrid pre-neoplastic)
59 Mou 6 mo Adkins et al. 1986
Al s¢ 5d/wk 50 (CEL: pulmonary adenoma)
(AY) 6hr/d
60 Mo 6 mo Drew et al. 1983
use 5 d/wk 50 F (CEL: hemangiosarcoma of
(CD-1) 6 hr/d skin, peritoneum; mammary
gland carcinoma; lung
carcinoma)
61 Mo 6 mo Drew et al. 1983
use 5 d/wk 50 F (CEL: hemangiosarcoma of
(B6C3F1) 6 hr/d subcutis, peritoneum; mammary

gland carcinoma)

3AIHGOTHO TANIA
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference

figure

(Strain) (Specific Route) System (ppm) (ppm)

(ppm) Chemical Form

62

63

64

65

66

Mouse 1,3,6 mo
5d/wk
(CD-1) 6hr/d
Mouse 30 wk
: 5 d/wk
(Swiss) 4 hr/d
Mouse 4 wk 5d/wk 6hr/d
(CD-1)
Hamster 6 mo
5 d/wk
(Golden
Syrian) 6 hr/d
Hamster 30 wk
5 d/wk
(Golden
Syrian) 4 hr/d

Hong et al. 1981
50 F (CEL: mammary gland

adenocarcinoma/carcinoma)

. . Maltoni et al. 1981
50 (CEL: liver angiosarcoma and

angioma)

) Suzuki 1983
100 M (CEL: lung alveogenic tumors)

. . Drew et al. 1983
200 F (CEL: liver hemangiosarcoma;

skin hemangiosarcoma, spleen
hemangiosarcoma; mammary
gland carcinoma)

. . Maltoni et al. 1981
500 M (CEL: liver angiosarcoma)
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
CHRONIC EXPOSURE
Systemic
67 Rat 12 mo ) ) ) ) Bi et al. 1985
) 6d/wk Hepatic 100 M 3000 M (increased liver weight)
(Wistar)
6hr/d
Renal 10M 100 M (increased kidney weight)
Bd Wt 10M 100 M (14% decrease in body weight)
Reproductive
68 Rat 12 mo ) o Bi et al. 1985
) 6d/wk 10M 100 M (degenerative seminiferous
(Wistar) 6hrid tubule changes)
Cancer
69 Rat 12 mo ) ) Bi et al. 1985
' 6d/wk 100 M (CEL: liver angiosarcoma; lung
(Wistar) 6hr/d angiosarcoma)
70 Rat 12,18, 24 mo Drew et al. 1983

5 diwk

(Fischer- 344) 6 hr/d

100 F (CEL: hepatic
hemangiosarcoma,
hepatocellular carcinoma,
neoplastic nodules; mammary
gland fibroadenoma and
adenocarcino
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation

(continued)

Exposure/
a Duration/
Key to Species Frequency Less Serious Serious Reference
figure (Strain)  (Specific Route) (ppm) Chemical Form
71 Rat 1-12 mo Lee etal. 1978
2 5 diwk 250 F (CEL: hepatic
(CD) 6 hr/d hemangiosarcoma)
72 Rat 52 wk Maltoni et al. 1981
5 d/wk 5F (CEL: mammary gland
(Sprague- 4 hrid carcinoma)
Dawley)
73 M 12,18 mo Drew et al. 1983
ou.se 5 d/wk 50 F (CEL: lung; hemangiosarcoma
(Swiss CD-1) o\ 14 of peritoneum, subcutis;
mammary gland carcinoma)
74 M 12 mo Drew et al. 1983
ouse 5 d/wk 50 F (CEL: hemangiosarcoma of
(BEC3F1) 6 hr/d peritoneum, subcutis; mammary
gland carcinoma)
75 Mouse 1-12 mo Lee et al. 19773, Lee et al. 1978
! 5 d/wk 50 F (CEL: mammary gland
(CD-1) 6 hr/d adenoma and adenocarcinoma)

50

(CEL: hepatic
hemangiosarcoma;
bronchiolo-alveolar adenoma;
malignant lymphoma)

S103443 H1TV3IH '€
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Table 3-1 Levels of Significant Exposure to Vinyl Chloride - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key t;’;‘ Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ppm) (ppm) (ppm) Chemical Form
12, 18, 24 mo ) ) Drew et al. 1983
76 Hamster 5 diwk 200 F (CEL: liver hemangiosarcoma;
(quden 6 hrld skin carcinoma,
Syrian) hemangiosarcoma; spleen

hemangiosarcoma; mammary
gland carcinoma; stomach a

a Numbers correspond to entries in Figure 3-1.

b Used to derive an acute-duration inhalation Minimal Risk Level (MRL) of 0.5 ppm. A NOAEL was adjusted for intermittent exposure and converted to a Human Equivalent
Concentration (HEC) before applying uncertainty factors. The MRL was obtained by dividing the NOAEL-HEC by an uncertainty factor of 30 (3 for extrapolation from animals to
humans using a dosimetric adjustment, and 10 for human variability).

¢ Used to derive an intermediate-duration inhalation MRL of 0.03 ppm. LEC10 converted to an HEC and adjusted for intermittent exposure before applying uncertainty factors. The

MRL was obtained by dividing the LEC10-HEC by an uncertainty factor of 30 (3 for extrapolation from animals to humans using a dosimetric adjustment, and 10 for human variability).

AKT = alpha-ketoglutarate transaminase; B - both; Bd Wt = body weight; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); derm = dermal; Endocr = endocrine; F =
Female; Gd = gestational day; Gn pig = guinea pig; hemato = hematological; hr = hour(s); Immuno = immunological; LOAEL = lowest-observed-adverse-effect level; M = male; min =
minute(s); mo = month(s); Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; NS = not specified; Resp = respiratory; SDH = sorbitol dehydrogenase; wk =
week(s); x = time(s)
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Figure 3-1. Levels of Significant Exposure to Vinyl Chloride- Inhalation
Acute (<14 days)
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Figure 3-1. Levels of Significant Exposure to Vinyl Chloride- Inhalation (Continued)
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Figure 3-1. Levels of Significant Exposure to Vinyl Chloride
Intermediate (15-364 days)
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Figure 3-1. Levels of Significant Exposure to Vinyl Chloride- Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-1. Levels of Significant Exposure to Vinyl Chloride- Inhalation (Continued)
Chronic (=365 days)
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3. HEALTH EFFECTS

Reports regarding respiratory effects in workers who are occupationally exposed to vinyl chloride are
contradictory. Several epidemiologic studies found no increased incidence of respiratory disease among
vinyl chloride workers (Gamble et al. 1976; Laplanche et al. 1987, 1992; NIOSH 1977). However,
adverse respiratory effects were reported in several epidemiologic surveys and case reports, with these
effects including increased incidence of emphysema (Suciu et al. 1975; Wong et al. 1991), decreased
respiratory volume and vital capacity, respiratory insufficiency (Suciu et al. 1975), decreased respiratory
oxygen and carbon dioxide transfer (Lloyd et al. 1984), pulmonary fibrosis of the linear type (Suciu et al.
1975), abnormal chest x-rays (Lilis et al. 1975, 1976), and dyspnea (Walker 1976). Interpretation of
many of these results is confounded by the inclusion of smokers among those exposed to vinyl chloride
and the concurrent exposure of many vinyl chloride workers to PVC resin dust, which is known to

produce respiratory lesions (Mastrangelo et al. 1979).

Brief inhalation of high concentrations of vinyl chloride produced respiratory inflammation in a variety of
animals. A 30-minute exposure of guinea pigs, mice, and rats to 100,000 ppm of vinyl chloride produced
hyperemia in all three species (Mastromatteo et al. 1960). Exposure to higher concentrations

(200,000 ppm and 300,000 ppm) produced increased congestion, edema, and at the highest
concentrations, pulmonary hemorrhages in all three species (Mastromatteo et al. 1960). Tracheal
epithelium was also absent in one guinea pig exposed to 400,000 ppm for 30 minutes (Mastromatteo et al.
1960). Edema and congestion of the lungs of rats were also observed following a 2-hour exposure to
150,000 ppm (Lester et al. 1963).

Histopathologic examination of mice exposed to 2,500 ppm vinyl chloride 5 hours/day, 5 days/week for
5-6 months revealed proliferation and hypertrophy of the bronchiolar epithelium, hyperplasia of the
alveolar epithelium, hypersecretion of mucin (Suzuki 1978, 1980, 1981), increased endoplasmic
reticulum and free ribosomes in Clara cells, and mobilization of alveolar macrophages (Suzuki 1980).
These changes were observed irrespective of the recovery period (2 or 37 days), indicating that they were
not readily reversible. However, these studies were severely limited by the small number of animals

tested and the absence of a statistical analysis.

Chronic exposure of rats to 5,000 ppm 7 hours/day, 5 days/week for 12 months produced hyperplasia of
the olfactory epithelium, increased cellularity of the interalveolar septa of the lungs, and an increased
incidence of pulmonary hemorrhages (Feron and Kroes 1979). Interstitial pneumonia and hemorrhagic

lungs were observed in rats exposed to 30,000 ppm of vinyl chloride 4 hours/day, 5 days/week for
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12 months (Viola et al. 1971). However, the statistical significance of the findings in the studies by Feron
and Kroes (1979) and Viola et al. (1971) is unknown.

Cardiovascular Effects. Occupational exposure to vinyl chloride has been associated with the
development of Raynaud's phenomenon, a condition in which the fingers blanch and become numb with
discomfort upon exposure to the cold. This condition has been reported most frequently among workers
who cleaned the reactor tanks, a job which reportedly exposed workers to very high levels of vinyl
chloride. It has also been reported in a worker exposed once to a vinyl chloride leak (Ostlere et al. 1992).
Although only a small percentage of vinyl chloride workers develop Raynaud's phenomenon (Laplanche
etal. 1987, 1992; Lilis et al. 1975; Marsteller et al. 1975; Suciu et al. 1963, 1975; Veltman et al. 1975;
Walker 1976), the incidence is significantly higher than in unexposed workers (Laplanche et al. 1987,
1992). Investigation of the peripheral circulation of workers afflicted with Raynaud's phenomenon has
revealed thickening of the walls of the digital arteries (Harris and Adams 1967), narrowing of the arterial
lumen (Veltman et al. 1975), vascular occlusions (Walker 1976), arterial occlusions (Preston et al. 1976;
Veltman et al. 1975), tortuosity (Preston et al. 1976), hypervascularity (Preston et al. 1976), inflammatory
infiltration of the arterioles (Magnavita et al. 1986), deposition of immune products along the vascular
endothelium (Ward 1976), vasomotor impairment (Suciu et al. 1963), and impaired capillary
microcirculation (Magnavita et al. 1986; Maricq et al. 1976). Three reports indicate that upon removal
from exposure, Raynaud's phenomenon gradually disappears (Freudiger et al. 1988; Suciu et al. 1963,
1975). For further discussion of Raynaud's phenomenon, see Immunological/Lymphoreticular Effects
(Section 3.2.1.3).

Splenomegaly, with evidence of portal hypertension (dilated peritoneal veins and esophageal varices), has
been reported by investigators studying the effects of vinyl chloride exposure (Marsteller et al. 1975). In
addition, hypertension among vinyl chloride workers (NIOSH 1977; Suciu et al. 1975) and significantly
increased mortality rate due to cardiovascular and cerebrovascular disease (Byren et al. 1976) have been
reported. An association between vinyl chloride exposure and arterial hypertension was observed in an
occupational worker study. Conclusive evidence was not provided for an effect of vinyl chloride on

coronary heart disease (Kotseva 1996).

Investigators studying the anesthetic properties of vinyl chloride in dogs have observed that doses
producing anesthesia (100,000 ppm, Oster et al. 1947; 150,000-900,000 ppm, Carr et al. 1949) also
produced cardiac arrhythmias. Arrhythmias were characterized by intermittent tachycardia,

extraventricular systoles, vagal beats, ventricular fibrillation, and atrioventricular block. However, the
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statistical significance of these effects was not reported. At high concentrations (>30,000 ppm), vinyl
chloride was been shown to sensitize the heart to epinephrine, resulting in cardiac arrhythmias in dogs
(Clark and Tinston 1973). No histopathological changes in the heart were noted in guinea pigs exposed to

400,000 ppm of vinyl chloride for 30 minutes (Mastromatteo et al. 1960).

A study by Bi et al. (1985) demonstrated an increase in the relative heart weight at concentrations of vinyl
chloride as low as 10 ppm when administered to male rats 6 hours/day, 6 days/week for 6 months. Heart
weight was also increased after 3 months in rats exposed to 100 ppm under this regimen (Bi et al. 1985).
Chronic exposure of rats to 5,000 ppm vinyl chloride 7 hours/day, 5 days/week for 1 year resulted in
increases in areas of myodegeneration in the heart and thickening of the walls of arteries (Feron and
Kroes 1979). However, the statistical significance of this effect was not reported. Exposure of rats to
30,000 ppm of vinyl chloride 4 hours/day, 5 days/week for 1 year also produced thickening of the walls of
small arterial vessels. The thickening was characterized by a proliferation of the endothelium. In some

vessels, the thickening was severe enough to cause blockage of the lumen (Viola 1970).

Gastrointestinal Effects. Approximately 32% of the vinyl chloride workers examined by Lilis et al.
(1975) reported a history of "gastritis, ulcers (gastric and duodenal), and upper gastrointestinal bleeding."
Because these subjects were not compared to workers who had not been exposed to vinyl chloride, the
significance of these findings is unknown. Other symptoms reported by vinyl chloride workers included
nausea, abdominal distension, and heartburn. Loss of appetite and nausea have been reported in
Singapore workers exposed to 1-21 ppm vinyl chloride (Ho et al. 1991). However, these workers were

selected on the basis of liver dysfunction.

No studies were located regarding gastrointestinal effects in animals following inhalation exposure to

vinyl chloride.

Hematological Effects. Blood tests performed at autopsy of two workers whose deaths were
believed to be due to exposure to extremely high levels of vinyl chloride revealed that blood clotting did
not occur (Danziger 1960). Slight-to-severe thrombocytopenia in workers occupationally exposed to
vinyl chloride was reported in several studies (Marsteller et al. 1975; Micu et al. 1985; Veltman et al.
1975), but Lilis et al. (1975) found no increased incidence of thrombocytopenia in vinyl chloride workers.
A prospective study of female workers exposed to vinyl chloride at levels ranging from 0.2 to 130.7 ppm
showed that the exposed workers had a significantly lower number of platelets than the nonexposed

controls during the early part of their pregnancies (weeks 8-10) but that this effect abated by the end of
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the pregnancy (34-38 weeks) following a period free from exposure (Bao et al. 1988). Splenomegaly was
reported in a number of studies (Ho et al. 1991; Marsteller et al. 1975; Popper and Thomas 1975; Suciu et
al. 1963; Veltman et al. 1975). Thrombocytopenia was found in patients who both did and did not present
with splenomegaly (Veltman et al. 1975). Increased levels of two plasma proteins (os- and ay-globulin)
were reported in studies examining the effects of occupational exposure to vinyl chloride (Harris and
Adams 1967; Suciu et al. 1975).

A brief (30-minute) exposure of guinea pigs to 400,000 ppm vinyl chloride resulted in a failure of the
blood to clot in the animals that died during the exposure (Mastromatteo et al. 1960). Mice that were
exposed to 5,000 ppm (4 hours/day for 6 days) or 10,000 ppm (4 hours/day for 5 days) showed an
increased emergence of basophilic stippled erythrocytes (Kudo et al. 1990). This effect was also noted in
mice that were exposed for 10 weeks to 50 ppm intermittently (4 hours/day for 4-5 days/week,) or to 30—
40 ppm continuously for 62 days (Kudo et al. 1990). Exposure of dogs and rats to 200 ppm for

7 hours/day, 5 days/week, for 6 months had no effect on hematologic values (Torkelson et al. 1961).
Also, an 8-week exposure of mice to 1,000 ppm for 6 hours/day, 5 days/week had no effect on
erythrocyte or leukocyte counts (Sharma and Gehring 1979). Exposure of rats to either 50,000 ppm for

8 hours/day for 19 consecutive days or 20,000 ppm for 8 hours/day, 5 days/week for 92 days resulted in a
decrease in white blood cells (Lester et al. 1963). Exposure of rats to 5,000 ppm vinyl chloride for

7 hours/day, 5 days/week for 1 year produced increased hematopoiesis in the spleen (Feron and Kroes
1979). The statistical significance of these results was not provided. Blood clotting time was decreased
in rats exposed to 5,000 ppm for7 hours/day for 1 year, but the statistical significance of these effects was
not reported (Feron et al. 1979a).

Musculoskeletal Effects. Acroosteolysis, or resorption of the terminal phalanges of the finger, was
observed in a small percentage of workers occupationally exposed to vinyl chloride (Dinman et al. 1971;
Lilis et al. 1975; Marsteller et al. 1975; Sakabe 1975; Veltman et al. 1975; Wilson et al. 1967). As with
Raynaud's phenomenon, acroosteolysis was reported predominantly among polymerization tank cleaners.
Bone lesions were most often confined to the terminal phalanges of the fingers, but in a few cases the
bones of the toes (Harris and Adams 1967), feet (Preston et al. 1976), sacroiliac joint (Harris and Adams
1967), and arms, legs, pelvis, and mandible (Preston et al. 1976) were also involved. Development of
acroosteolysis was most often preceded by Raynaud's phenomenon (Dinman et al. 1971; Freudiger et al.
1988; Harris and Adams 1967; Magnavita et al. 1986; Markowitz et al. 1972; Preston et al. 1976; Sakabe
1975; Veltman et al. 1975; Wilson et al. 1967). In two reports, bone resorption was observed to progress

despite discontinuation of exposure (Markowitz et al. 1972; Preston et al. 1976). However, in two other
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reports, improvement was observed after exposure ceased (Veltman et al. 1975; Wilson et al. 1967). Joint

pain was also reported by Lilis et al. (1975).

Although Sokal et al. (1980) found no alterations in the bones of male rats exposed to 20,000 ppm for
5 hours/day, 5 days/week for 10 months, Viola (1970) observed skeletal changes (i.e., osteochondroma)
in the bones of rats exposed to 30,000 ppm for 4 hours/day, 5 days/week for 12 months. The statistical

significance of these effects was not reported and only one exposure level was tested.

Hepatic Effects. Throughout the early years of the use of vinyl chloride, workers experienced only a
minimal degree of functional hepatic abnormalities. However, when it became apparent in the early
1970s that angiosarcoma of the liver was associated with long-term vinyl chloride exposure, an intensive
effort was initiated by a number of investigators to characterize the hepatic effects of vinyl chloride.
These studies revealed characteristic hepatic lesions produced by vinyl chloride exposure (Berk et al.
1975; Falk et al. 1974; Gedigke et al. 1975; Ho et al. 1991; Jones and Smith 1982; Lilis et al. 1975; Liss
et al. 1985; Marsteller et al. 1975; NIOSH 1977; Popper and Thomas 1975; Suciu et al. 1975; Tamburro
et al. 1984; Vihko et al. 1984). The incidence and severity of the effects correlated well with the duration
of exposure (Gedigke et al. 1975; Lilis et al. 1975; NIOSH 1977).

Routine noninvasive techniques revealed hepatomegaly in a limited number of workers (14-37%) (Ho et
al. 1991; Lilis et al. 1975; Marsteller et al. 1975; NIOSH 1977; Suciu et al. 1963, 1975). However, when
peritoneoscopy was performed or biopsies were obtained from exposed workers, Marsteller et al. (1975)
found a much higher prevalence of hepatic abnormalities. Only 37% of the workers studied by Marsteller
et al. (1975) were diagnosed with hepatomegaly, but peritoneoscopy revealed a 50% incidence of granular
changes in the liver surface and an 86% incidence of capsular fibrosis with increased numbers of capsular
vessels. Histopathological examination of the biopsied tissue from these workers revealed an 80%
incidence of collagenization of the sinusoidal walls, a 90% incidence of proliferation of cells lining the
sinusoids, a 30% incidence of septal fibrosis, and degeneration of hepatocytes (incidence not specified).
A number of other investigators observed similar changes in liver tissues obtained from workers exposed
to vinyl chloride (Falk et al. 1974; Gedigke et al. 1975; Popper and Thomas 1975; Tamburro et al. 1984).
Based on these observations, a profile of vinyl chloride-induced liver damage was compiled and includes
the following features: hypertrophy and hyperplasia of hepatocytes, activation and hyperplasia of
sinusoidal lining cells, fibrosis of the portal tracts and the septa and intralobular perisinusoidal regions,
sinusoidal dilation, and focal areas of hepatocellular degeneration. This pattern of changes was observed

to be highly unusual and was similar to the hepatic changes produced by arsenic (Gedigke et al. 1975). In

**DRAFT FOR PUBLIC COMMENT***



VINYL CHLORIDE 60

3. HEALTH EFFECTS

addition, the degenerative changes in hepatocytes appeared to be less severe when biopsy material was
obtained from workers who had not been exposed to vinyl chloride recently. However, sinusoidal

changes were not influenced by the length of time since the last exposure (Gedigke et al. 1975).

One possible reason that the hepatotoxic effects of vinyl chloride went undetected for many years was the
lack of sensitivity of standard biochemical liver function tests to detect the liver injury produced by vinyl
chloride (Berk et al. 1975; Marsteller et al. 1975; Tamburro et al. 1984; Vihko et al. 1984). For example,
the values obtained in several standard biochemical liver function tests (activities of serum alkaline
phosphatase, aspartate aminotransferase, alanine aminotransferase, gamma-glutamyltransferase) from
workers with biopsy evidence of vinyl chloride-associated liver damage were not significantly higher than
those from unexposed controls (Liss et al. 1985). Gamma-glutamyltransferase levels were significantly
higher in workers exposed to vinyl chloride at TWA exposure concentrations of >10 ppm compared to
workers exposed to lower exposure concentrations (Du et al. 1995). Workers exposed to lower levels of
vinyl chloride had gamma-glutamyltransferase levels that were within the normal range (Hensyl 1990).
Serum bile acids (Berk et al. 1975; Liss et al. 1985) and/or indocyanine green clearance (Liss et al. 1985;
Tamburro et al. 1984) correlated with liver injury. Furthermore, investigators have shown that levels of
chenodeoxycholic acid (a serum bile acid) in asymptomatic vinyl chloride workers were elevated when
compared to the 95% interval of values from a healthy reference population (Vihko et al. 1984). The
serum hyaluronic acid concentration was demonstrated to be elevated in workers with angiosarcoma of

the liver, while other liver function tests were normal (McClain et al. 2002).

A recent IARC update of a multi-center cohort study demonstrated an increase in mortality from liver
cirrhosis in workers exposed to moderate to high concentrations of vinyl chloride (Ward et al. 2001).
Morbidity associated with liver cirrhosis was also reported to be elevated among vinyl chloride workers
(Du and Wang 1998). Alcohol intake was not evaluated as a critical confounding factor in these studies.
Liver ultrasonography illustrated an increase in the incidence of periportal fibrosis in vinyl chloride
workers (Maroni et al. 2003). Portal fibrosis and portal hypertension were considered to contribute to
mortality in several cases (Lee et al. 1996; Lelbach 1996). Abnormal liver function was demonstrated in

workers exposed to low concentrations of both vinyl chloride and ethylene dichloride (Cheng et al. 1999).

Brief exposure of animals to extremely high concentrations of vinyl chloride has been shown to produce
hepatic damage. For example, acute exposure (30 minutes) of guinea pigs and mice to 300,000 ppm of
vinyl chloride produced liver congestion or severe fatty degeneration while 200,000 ppm caused fatty

infiltration in rats (Mastromatteo et al. 1960). Exposure to 100,000 ppm for 6 hours produced
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centrilobular vacuolization and increased alanine serum a-ketoglutarate transaminase activity in rats
(Jaeger et al. 1974). However, exposure of rats to 50,000 ppm for 6 hours produced no observable effects
on the liver (Reynolds et al. 1975a, 1975b). In contrast, a single-concentration study in which pregnant
rats were continuously exposed to 1,500 ppm for 7-9 days during either the first or second trimester of
pregnancy resulted in an increase in the liver-to-body-weight ratio (Ungvary et al. 1978). Interestingly, a
single 1-hour exposure of mice to 500, 5,000, or 50,000 ppm of vinyl chloride, followed by an 18-month
observation period, resulted in an increased incidence of hepatocellular hypertrophy in these animals at
terminal sacrifice (Hehir et al. 1981). The hypertrophy was not dose dependent; thus, the significance of

this effect is uncertain.

In studies with longer durations of exposure, lower concentrations of vinyl chloride have produced
hepatic toxicity. Symptoms of hepatotoxicity that have been observed in rats have included
hepatocellular degeneration (Sokal et al. 1980; Torkelson et al. 1961; Wisniewska-Knypl et al. 1980),
swelling of hepatocytes with compression of sinusoids (Lester et al. 1963), dilation of the rough
endoplasmic reticulum (Du et al. 1979), proliferation (Sokal et al. 1980) or hypertrophy (Thornton et al.
2002; Wisniewska-Knypl et al. 1980) of smooth endoplasmic reticulum, changes in metabolic enzyme
activities (Du et al. 1979; Wisniewska-Knypl et al. 1980), proliferation of reticulocytes (Sokal et al.
1980), and an increased liver-to-body-weight ratio (Bi et al. 1985; Lester et al. 1963; Sokal et al. 1980;
Thornton et al. 2002; Torkelson et al. 1961). For example, exposure of rats to 500 ppm for 7 hours/day,
5 days/week for 4.5 months resulted in an increase in liver-to-body-weight ratio and granular
degeneration (Torkelson et al. 1961). An increased liver-to-body-weight ratio was also found in rats
exposed to 100 ppm vinyl chloride for 7 hours/day, 5 days/week for 6 months (Torkelson et al. 1961).
Relative liver weight was decreased in mice exposed to 1,000 ppm vinyl chloride for 6 hours/day,

5 days/week for 8 weeks (Sharma and Gehring 1979). The liver-to-body-weight ratio was shown to be
increased in male rats exposed to 3,000 ppm but not 100 ppm, vinyl chloride for 6 hours/day, 5 days/week
for 12 months (Bi et al. 1985). Significantly increased liver-to-body-weight ratio was also observed in
rats exposed to concentrations of vinyl chloride as low as 10 ppm for 6 hours/day, 6 days/week for

6 months (Bi et al. 1985). Exposure of rats to 500 ppm for 5 hours/day, 5 days/week for 10 months
produced swelling of hepatocytes and proliferation of reticuloendothelial cells, increased liver weight, and
cellular degeneration; at 50 ppm, small lipid droplets and proliferation of smooth endoplasmic reticulum
were noted (Sokal et al. 1980). Histopathological examination of rats exposed to either 50,000 ppm vinyl
chloride for 8 hours/day for 19 consecutive days or 20,000 ppm vinyl chloride for 8 hours/day,

5 days/week, for 92 days showed hepatocellular hypertrophy, vacuolization, and sinusoidal compression

(Lester et al. 1963). Mice exposed to 2,500 ppm vinyl chloride 5 hours/day, 5 days/week for up to
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6 months showed histopathological changes in the liver that included hyperplasia of hepatocytes and
activated sinusoidal cells (Schaffner 1978). Centrilobular necrosis and degeneration were noted in rabbits
exposed to 200 ppm vinyl chloride 7 hours/day, 5 days/week for 6 months but not at 100 ppm vinyl
chloride in this regimen (Torkelson et al. 1961). Also, exposure of rats to 50 ppm for 5 hours/day,

5 days/week for 10 months produced fatty degeneration and proliferation of the smooth endoplasmic
reticulum (Wisniewska-Knypl et al. 1980). Liver effects were observed in a 2-generation reproductive
toxicity study where rats were exposed to 0, 10, 100, or 1,100 ppm vinyl chloride (6 hours/day for a
10-week premating period and a 3-week mating period) (Thornton et al. 2002). Absolute and relative
mean liver weights were significantly increased at all exposure levels in Fy males and in 100- and
1,100-ppm F; males. Centrilobular hypertrophy, considered to be a minimal adverse effect, was noted in
the livers of all 1,100-ppm male and female F, and F; rats, most 100-ppm male and female Fo and F; rats,
and in 2/30 and 6/30 of the 10-ppm Fy male and F; female rats, respectively. Centrilobular hypertrophy
was not noted in the 30 female rats of the control group. Histopathological alterations occurring at

100 and 1,100 ppm included centrilobular hypertrophy and acidophilic, basophilic, and clear cell foci.
Based on this study, an intermediate-duration MRL of 0.03 ppm was calculated as described in the
footnote in Table 3-1. No chronic-duration inhalation MRL was derived for vinyl chloride because of the
absence of a suitable LOAEL or NOAEL for derivation. A NOAEL (10 ppm) and a LOAEL (100 ppm)
were identified for testicular effects (increases in the number of degenerative seminiferous tubule
changes) in a chronic-duration inhalation study (Bi et al. 1985). However, these data were not used as the
basis of a chronic-duration inhalation MRL because the LOAEL for these effects was higher than the
LOAEL of 10 ppm for nonneoplastic liver lesions identified in the intermediate-duration rat inhalation
study of Thornton et al. (2002). Bi et al. (1985) does not report the incidence of histopathological
changes in the liver following chronic inhalation exposure; however, the results of the Thornton et al.
(2002) study suggest that liver effects would occur at lower doses than the reported testicular effects. No
other chronic-duration inhalation toxicity studies were located in which vinyl chloride-induced

nonneoplastic lesions were described.

The NOAELSs for liver effects in a number of species following a 6-month exposure to vinyl chloride
indicated that mice and rats were the most sensitive (NOAEL=50 ppm), rabbits were the next most
sensitive (NOAEL=100 ppm), and dogs and guinea pigs were the least sensitive (NOAEL>200 ppm)
(Torkelson et al. 1961).

Popper et al. (1981) compared histopathological findings from sections of liver from mice and rats

exposed by Maltoni and LeFemine (1975) with the liver biopsy material obtained from vinyl chloride
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workers. Hyperplasia and hypertrophy of hepatocytes and/or sinusoidal cells, with areas of sinusoidal
dilation, were observed in both humans and rodents. The major difference between the species was the
greater degree of fibrosis, seen as reticulin deposition and collagen formation, in the livers of humans.

Also, inflammatory cells were present in the livers of humans but not of rodents.

Renal Effects. No studies were located regarding renal effects in humans after inhalation exposure to

vinyl chloride.

Acute exposure of mice and rats to 300,000 ppm of vinyl chloride for 30 minutes resulted in kidney
congestion (Mastromatteo et al. 1960). Also, the kidneys of one mouse out of five exposed to either
100,000 or 200,000 ppm of vinyl chloride for 30 minutes showed degenerative changes (Mastromatteo et
al. 1960). Exposure of rats to 50,000 ppm for 8 hours/day for 19 consecutive days or 20,000 ppm for

8 hours/day, 5 days/week for 92 days produced no adverse effects on the kidneys (Lester et al. 1963).
However, exposures of male rats to 3,000 ppm for 6 hours/day, 6 days/week, for 3 months produced an
increase in the kidneys-to-body-weight ratio (Bi et al. 1985). After a 6-month observation period, there
was also an increased kidneys-to-body-weight ratio noted in the male rats exposed to 100 ppm vinyl
chloride for 6 hours/day, 6 days/week for 12 months; no effect was noted at 10 ppm (Bi et al. 1985).
Relative kidney weights was increased in male rats exposed to 500 ppm vinyl chloride for 5 hours/day,

5 days/week, for 10 months, although no histopathological changes in the kidney were noted (Sokal et al.
1980). No changes in kidney weights were reported when mice were exposed to 1,000 ppm vinyl
chloride 6 hours/day, 5 days/week for 8 weeks (Sharma and Gehring 1979). Urinalysis values were
within normal limits in rats and rabbits exposed to 200 ppm vinyl chloride for up to 7 hours/day,

5 days/week, for 6 months (Torkelson et al. 1961). One year of exposure to 5,000 ppm vinyl chloride for
7 hours/day, 5 days/week produced an increase in the kidneys-to-body-weight ratio (Feron et al. 1979a)
and tubular nephrosis in rats (Feron and Kroes 1979). However, the statistical significance of these

findings was not provided in the study.
Endocrine Effects. A study of workers exposed to vinyl chloride in PVC manufacturing plants
reported that most workers who presented with scleroderma were shown to have thyroid insufficiency

(Suciu et al. 1963).

No histopathological effects on the adrenals were reported in guinea pigs exposed to 400,000 ppm for

30 minutes (Mastromatteo et al. 1960). Rats exposed to 30,000 ppm vinyl chloride 4 hours/day,
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5 days/week for 12 months were found to have colloid goiter and markedly increased numbers of

perifollicular cells (Viola 1970).

Dermal Effects. Occupational exposure to vinyl chloride was observed to produce scleroderma-like
skin changes on the hands of a small percentage of exposed workers (Freudiger et al. 1988; Lilis et al.
1975; Marsteller et al. 1975; Suciu et al. 1963, 1975; Veltman et al. 1975; Walker 1976). The skin
changes were characterized by a thickening of the skin (Lilis et al. 1975; Markowitz et al. 1972; Ostlere et
al. 1992; Preston et al. 1976; Veltman et al. 1975; Walker 1976), decreased elasticity (Lilis et al. 1975),
and edema (Lilis et al. 1975; Suciu et al. 1975) and were almost exclusively observed in exposed
individuals who also suffered from Raynaud's phenomenon. Skin biopsies revealed increased collagen
bundles in the subepidermal layer of the skin (Harris and Adams 1967; Markowitz et al. 1972; Ostlere et
al. 1992; Veltman et al. 1975). Biochemical analyses by Jayson et al. (1976) demonstrated that a high
rate of collagen synthesis was taking place in the affected skin. Most often the skin changes were
confined to the hands and wrists, but Jayson et al. (1976) reported scleroderma-like skin changes on the

hands, arms, chest, and face of one afflicted worker.

Skin changes were observed in rats exposed to 30,000 ppm for 12 months (Viola 1970). The skin of the
paws of the exposed rats showed areas of hyperkeratosis, thickening of the epidermis, edema, collagen
dissociation, and fragmentation of the elastic reticulum. Interpretation of these results is limited by the
absence of a statistical analysis and insufficient information on the treatment of control animals. Lester et
al. (1963) reported that male rats exposed to 50,000 ppm vinyl chloride 8 hours/day for 19 days had thin
coats and scaly tails, while females exposed to the same concentration showed no effects. For further
information regarding scleroderma-like responses to vinyl chloride exposure, see Cardiovascular Effects

(Section 3.2.1.2) and Immunological and Lymphoreticular Effects (Section 3.2.1.3).

Ocular Effects. Ocular effects that have been reported after inhalation exposure are believed to have
resulted from direct contact of the vinyl chloride gas with the eyes and are discussed under Dermal

Exposure (Section 3.2.3.2). No studies were located regarding ocular effects in humans that were related
solely to the inhalation of vinyl chloride. No histopathological changes were noted in the eyes of guinea

pigs exposed to 400,000 ppm vinyl chloride for 30 minutes (Mastromatteo et al. 1960).

Body Weight Effects. Several studies have reported that workers intoxicated by vinyl chloride
experienced anorexia (Suciu et al. 1963, 1975).
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No effects on body weight were noted in ICR mice exposed to either 10,000 ppm vinyl chloride

4 hours/day for 5 days or to 5,000 ppm vinyl chloride 4 hours/day for 6 days (Kudo et al. 1990). No
consistent or dose-related differences in body weight were noted between control rats and rats exposed to
up to 50,000 ppm for 1 hour or rats exposed to 500 ppm 5 days/week, for 2 weeks (Hehir et al. 1981).
However, statistical analysis was not performed. No changes in body weight gain were noted in rats or
rabbits exposed to 200 ppm vinyl chloride 7 hours/day, 5 days/week for 6 months (Torkelson et al. 1961)
or in mice exposed to 1,000 ppm vinyl chloride 6 hours/day, 5 days/week for 8 weeks (Sharma and
Gehring 1979). Significant decreases were found in the body weight of rats exposed to 100 ppm vinyl
chloride 6 hours/day, 6 days/week for 12 months; these changes were not observed at 10 ppm (Bi et al.
1985). Significant decreases were also noted in mean body weights of rats exposed to 5,000 ppm vinyl
chloride 7 hours/day, 5 days/week for 4-52 weeks but these data were not quantified (Feron et al. 1979a).
This study was limited since only one concentration was tested. Body weight was decreased 10% in male
rats exposed to 50 ppm vinyl chloride 5 hours/day, 5 days/week for 10 months (Sokal et al. 1980).
Maternal body weight gain was significantly decreased in mice exposed to 500 ppm for 7 hours/day
during gestation days (Gd) 6-15 (John et al. 1977).

3.2.1.3 Immunological and Lymphoreticular Effects

A number of studies have examined the immunologic profiles of workers occupationally exposed to vinyl
chloride. Male workers exposed to vinyl chloride for an average of 8 years, with concentrations ranging
from 1 to 300 ppm during sampling periods, were found to have significantly increased percentages of
lymphocytes compared to controls (Fucic et al. 1995, 1997, 1998). Additionally, 75 out of these

100 workers showed disturbances of mitotic activity in these cells. A statistically significant increase in
circulating immune complexes in workers exposed to vinyl chloride was observed when compared to
levels in unexposed workers (Bogdanikowa and Zawilska 1984). The increase in circulating immune
complexes was greatest in women and in those with duties involving exposure to relatively higher levels
of vinyl chloride. Compared to controls, immunoglobulin G (IgG) levels were significantly increased in

women exposed to the high levels of vinyl chloride in the same study.

Studies of workers who have developed "vinyl chloride disease," a syndrome consisting of Raynaud's
phenomenon, acroosteolysis, joint and muscle pain, enhanced collagen deposition, stiffness of the hands,
and scleroderma-like skin changes, indicate that this disease may have an immunologic basis. Sera

obtained from patients with varying degrees of severity of symptoms of vinyl chloride disease
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demonstrate a close correlation between the disease severity and the extent of the immunologic
abnormality (Grainger et al. 1980; Langauer-Lewowicka et al. 1976; Ward 1976), although these
symptoms have been reported without immunological findings (Black et al. 1986; Ostlere et al. 1992).
The most frequent immunologic finding in workers with vinyl chloride disease is an increase in
circulating immune complexes or cryoglobulinemia. In workers with the most severe clinical signs, there
also are an increased incidence of B-cell proliferation, hyperimmunoglobulinemia (Ward 1976),
cryoglobulinemia (Grainger et al. 1980), and complement activation (Grainger et al. 1980; Ward 1976).
Evidence of a structurally altered 1gG has been obtained, and it has been proposed that vinyl chloride (or
a metabolite) binds to 1gG (Grainger et al. 1980).

Based on the similarity of vinyl chloride disease and systemic sclerosis, which may be a genetically
linked autoimmune disease, Black et al. (1983, 1986) examined the human lymphocyte antigen (HLA)
phenotypes of patients with vinyl chloride disease. Many autoimmune diseases show statistically
significant associations with certain HLA alleles. These authors found that when compared to unexposed
controls or asymptomatic controls, workers with vinyl chloride disease had a significantly greater
incidence of possessing the HLA-DRS5 allele. Furthermore, among those with the disease, the severity of
the symptoms was significantly related to the possession of the HLA-DR3 and B8 alleles. These authors
concluded that susceptibility was increased in the presence of HLA-DRS5 or a gene in linkage
disequilibrium with it, and progression was favored by HLA-DR3 and B8 phenotypes. Immune system
dysfunction has also been linked to a case of polymyositis (i.e., muscle fiber necrosis and atrophy) in an
exposed worker, with involvement of antibodies to histidyl-t-RNA synthetase (Jo-1) (Serratrice et al.
2001).

Splenomegaly was reported in a number of studies (Ho et al. 1991; Marsteller et al. 1975; Popper and
Thomas 1975; Suciu et al. 1963; Veltman et al. 1975). No histopathological changes were noted in the
spleen or lymph nodes of guinea pigs exposed to 400,000 ppm vinyl chloride for 30 minutes
(Mastromatteo et al. 1960). An increase in the relative spleen weight was observed in rats exposed to
50 ppm for 5 hours/day, 5 days/week for 10 months (Sokal et al. 1980). Although no dose response was
evident, increased relative spleen weight was also reported by Bi et al. (1985) when rats were exposed to
either 10 ppm for 6 hours/day, 6 days/week for 6 months or 3,000 ppm for 6 hours/day, 6 days/week for
3 months. This effect was not observed at 100 ppm in the 3-month study (Bi et al. 1985).

The immunologic effects of vinyl chloride have been examined in mice (Sharma and Gehring 1979).

Lymphocytes isolated from the spleens of mice exposed to concentrations as low as 10 ppm vinyl
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chloride 6 hours/day, 5 days/week for 4 weeks had increased spontaneous and lectin-stimulated
transformation. This increase was not observed when lymphocytes from unexposed mice were cultured

in the presence of vinyl chloride.

The highest NOAEL value and all reliable LOAEL values for immunological effects in guinea pigs, mice,
and rats exposed in acute- and intermediate-duration studies are recorded in Table 3-1 and plotted in
Figure 3-1. For further information on Raynaud's phenomenon and scleroderma-like responses to vinyl

chloride, see Cardiovascular and Dermal Effects (Section 3.2.1.2).

3.2.1.4 Neurological Effects

Vinyl chloride was once considered for use as an inhalation anesthetic (ACGIH 2003). Investigators
studying the effects of vinyl chloride exposure frequently report central nervous system symptoms that
are consistent with the anesthetic properties of vinyl chloride. The most commonly reported central
nervous system effects are ataxia or dizziness (Ho et al. 1991; Langauer-Lewowicka et al. 1983; Lilis et
al. 1975; Marsteller et al. 1975; Spirtas et al. 1975; Suciu et al. 1963, 1975; Veltman et al. 1975),
drowsiness or fatigue (Langauer-Lewowicka et al. 1983; Spirtas et al. 1975; Suciu et al. 1963, 1975;
Walker 1976), loss of consciousness (NIOSH 1977), and/or headache (Langauer-Lewowicka et al. 1983;
Lilis et al. 1975; Marsteller et al. 1975; NIOSH 1977; Spirtas et al. 1975; Suciu et al. 1963, 1975;
Veltman et al. 1975). Other central nervous system effects that have been reported by vinyl chloride
workers include euphoria and irritability (Suciu et al. 1963, 1975), visual and/or hearing disturbances
(Marsteller et al. 1975), nausea (Marsteller et al. 1975; Spirtas et al. 1975), memory loss (Langauer-
Lewowicka et al. 1983; Suciu et al. 1963, 1975), and nervousness and sleep disturbances (Langauer-
Lewowicka et al. 1983; Suciu et al. 1963). Central nervous system tests revealed pyramidal signs and
cerebellar disturbances in some exposed subjects (Langauer-Lewowicka et al. 1983); however, reliable

estimates of exposure levels producing these effects were not available.

Exposure of volunteers to known levels of vinyl chloride has provided some indication of the levels of
vinyl chloride associated with the effects noted above. Volunteers exposed to 25,000 ppm vinyl chloride
for 3 minutes, in a single-exposure study, reported experiencing dizziness, disorientation, and burning
sensations in the feet during exposure (Patty et al. 1930). Recovery from these effects was rapid upon
termination of exposure, but the subjects developed headaches. Exposure of volunteers to concentrations

of vinyl chloride ranging from 4,000 to 20,000 ppm for 5 minutes twice a day in periods separated by
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6 hours on 3 consecutive days was studied by Lester et al. (1963). No effects were noted at 4,000 ppm.
However, at 8,000 ppm one of six subjects reported feeling dizzy. The incidence of dizziness increased at
higher concentrations. Nausea was experienced at higher concentrations, and recovery from all effects

was rapid upon termination of exposure. Headaches developed following exposure to 20,000 ppm.

Indications of an exposure-related peripheral neuropathy have been observed in a number of the
occupational studies. A peripheral neuropathy, most severe in hands and feet, was diagnosed in 70% of
the vinyl chloride workers examined in a study by Perticoni et al. (1986). The peripheral neuropathy was
manifested as denervation-related fasciculations and fibrillations and increased duration and amplitude of
motor unit potentials (indicating collateral sprouting). Similar effects were observed by Magnavita et al.
(1986) in a case study of a vinyl chloride worker. Other peripheral nervous system symptoms have been
reported by a number of investigators studying the effects of occupational exposure to vinyl chloride.
The symptom most frequently reported was tingling (paresthesia) in the extremities (Lilis et al. 1975;
Sakabe 1975; Spirtas et al. 1975; Suciu et al. 1963, 1975; Veltman et al. 1975; Walker 1976). Additional
peripheral nervous system symptoms included numbness in the fingers (Lilis et al. 1975; Sakabe 1975),
weakness (Langauer-Lewowicka et al. 1983; Suciu et al. 1963, 1975), depressed reflexes (NIOSH 1977),
warmth in the extremities (Suciu et al. 1963, 1975), and pain in the fingers (Sakabe 1975). It is unclear
whether some of these symptoms are associated with tissue anoxia due to vascular insufficiency, or

whether they represent the direct toxic effects of vinyl chloride on peripheral nerves.

Acute exposure of a number of species to high levels of vinyl chloride has provided additional
information on the characteristics of the central nervous system effects that are produced. Exposure of
guinea pigs to 10,000 ppm for 8 hours (Patty et al. 1930) was observed to be without effects. Exposure to
25,000 ppm resulted in ataxia, which developed into unconsciousness during the 8-hour exposure. As the
concentration was increased, the development of unconsciousness was more rapid. At 100,000 ppm,
Mastromatteo et al. (1960) observed the development of unconsciousness within 30 minutes. Mice
experienced similar signs at approximately equivalent exposure levels. At 5,000 ppm, 